Knowledge of theory is deepened by examining how the theory models the physical world. Exercises in the laboratory can enhance the understanding of the models by demonstrating both the accuracy and the shortcomings of the theoretical models. To help students achieve a better sense of connections between theory and the physical world, we have developed laboratory experiences to measure the flow of fluid using transducers and computer-based instrumentation. The goals of these experiments are to extend students' knowledge of fluid behavior as well as extend understanding of instrumentation systems. Several experiments were developed and implemented at a very low cost primarily using materials readily available at most hardware stores.
Introduction
To be an effective engineer and apply the fundamental principles of mechanics, materials, circuits, fluids, thermodynamics, etc. it is necessary to understand how these different distinct topics inter-relate. The skill of knowledge transfer is particularly difficult for students [1] . That is, the application of skills learned in one class to a in a different discipline. For example, students have difficulty translating skills learned in math classes to solving problems in physics classes [2] . As engineering educators, we are called to assist students' integration of material across the curriculum [3] [4] . The ability to transfer knowledge to new situations requires students must work through Bloom's domains to develop these intellectual skills [5] . This laboratory experience is designed to show "real world" applications to assist in moving students from the knowledge and comprehension to application and synthesis.
The authors determined that laboratory courses were ideal opportunities to include experiences to assist student development in bridging disciplines. Our goal was to design new experiments for the laboratory course associated with Fluid Mechanics incorporating material from other courses, in this case Circuits. Fluids and its laboratory are typically taken in either the junior or senior year. All students have taken Engineering Dynamics, Physics, and Chemistry. In addition, approximately half of the students have completed the Electric Circuits course. These laboratory experiments integrate use of National Instrument's LabVIEW™ which is used extensively in Electric Circuits. Previously described experiences demonstrate the usefulness of LabVIEW™ in the context of Circuits [6] , Data Acquisition [7] , Signals [8] , and Fluid Dynamics [9] [10] [11] [12] courses where the students use an interface designed by the instructor. In this set of experiments students create a LabVIEW™ program called a Virtual Instrument (VI).
The need to measure flow brings in a natural need for instrumentation, considered by Feisel and Rosa as the first objective for undergraduate engineering laboratories [13] . Rather than relying on pre-packaged instruments, students are expected to use their knowledge of physics, fluid dynamics, and circuits to acquire, manipulate, and calibrate the signal from a turbine style flow meter. Students then compare the value outputted by the sensor to an alternate method of measuring flow, in this case either by massing the water or the use of a pitot tube. To do this comparison, students need to convert the output signal from the sensor to conventional flow units, such as velocity or mass flow rate.
Focusing on relatively simple fluid theory, measurements of flow rate, affords the time examine fluid theory and work on programming and data acquisition skills simultaneously. Students are expected to extend their programming knowledge from the Circuits course in order to create and modify the VI to measure flow rates for different types of fluids. For the students who have not yet taken circuits, because these courses are offered every other year, this activity serves as a motivating exercise and these students were paired with students who had taken Electric Circuits.
Guiding the development of the lab exercise are the learning outcomes that students need to achieve. The outcomes of this laboratory experience are that the students will be able to:
• 
Task 1: Setup Flow Sensor
To start, students were instructed to set up the flow sensor. This involved not only making the appropriate electrical connections between the sensor and the National Instruments Data Acquisition Module (NI myDAQ) using a solderless bread board, but to build a VI within LabVIEW™. The created program was designed to use the signal from the flow sensor and translate that signal into a flow rate. This same program was then used in subsequent measurements of both water and air flow rates.
The flow sensor is a turbine style sensor, using the rate a small fan spins to demine the speed of the fluid passing through it. Details of this flow sensor and experimental set-up are provided in Appendix A. The magnetic blades within the meter spin past a Hall Effect sensor generating pulses as the turbine rotates. Understanding the sensor's workings, requires knowledge of ideas of kinematics and electromagnetism, introduced in physics classes.
Students were introduced to the ideas of measuring dynamic signals with the NI myDAQ in the laboratory class associated with the Circuits course. Due to this prior knowledge, students are given limited instruction on the physical connection of the electronics. But, in the Circuits laboratory, students had not yet had the opportunity to construct a VI within LabVIEW™. This experience then facilitated not only a transfer of knowledge between classes, but an opportunity to extend their knowledge. To create the VI, students were given detailed instructions (Appendix B). The VI reads the data from the sensor and performs the mathematical operations to convert the rotation rate to a flow velocity. The created VI, shown in Figure 1 , calculates both the linear velocity of the fluid, the mass flow rate, and the volumetric flow rate. The VI also displays the output from the sensor on a chart. 
Task 2: Water Flow Rate
In the study of fluid mechanics one of the fundamental equations, = vA, relates the mass flow rate, , to the velocity of the fluid, v, by multiplying the velocity by the area, A, of the pipe, and the density of the fluid, ρ. Students investigate the application of this equation in the process of calibrating the flow meter using water. Although this equation is relatively simple, students often forget its utility. Use of this equation in the context of this experiment helps students better understand this equation and how to use it.
The experimental mass flow rate is determined using the mass (pail and scale) method, where a bucket of water is collected over a defined time interval and then placed on a scale. The density of the water is determined by measuring the mass of a defined amount of water. The area of the pipe is found by measuring the inner diameter with a caliper.
Calibration is done by testing the response of the meter at different flow rates, as shown in Figure 2 . In this system, the flow rate is controlled by changing the position of a ball valve mounted before the meter. Calibration showed that this meter's rotation rate increases linearly with increased flow rates within this range tested. Details of the experimental apparatus are provided in Appendix A and the lab manual is provided in Appendix B. The third task is to use the electronic flow meter to measure the flow rate of air and compare this value to the reading from a pitot tube attached to a manually read water/air manometer. The equation = vA can be used with any fluid, including air, by changing the value of density. In this case a constant density for air, under standard conditions, is used because the low pressure air travels at relatively slowly.
When measuring air flow rate using a manometer with the pitot tube, a simplification of the Bernoulli equation, v = 2 − / , relates the velocity of the fluid flow to the pressure difference across the two points on the pitot tube. Here − is the difference between the stagnant pressure, PS, and the pressure of the flowing stream, PF, read off of the manometer. As shown in Figure 3 , students found that the velocities determined using both the electric flow meter and the Pitot tube correlated in the range of flow rates tested. 
Evaluation
This laboratory experience was successful in helping students transfer and integrate knowledge between disciplines, primarily in the areas of Fluids and Circuits. The memo reports submitted by students in conjunction with these experiments displayed that the students met the outcomes of this experience, where students will be able to: In the memo reports, students showed that they were able to utilize the fundamental equations for measuring flow, specifically = vA and the Bernoulli equation. Focused experience in use of these equations, had the benefit of helping students better utilize these equations on homework and exams in the Fluids lecture.
Students found that the velocity measured by the flow meter was accurate when using either water or air. Many found this surprising because the "fluids are so different". The use of the two different fluids reinforced the ideas that the theories of Fluid Mechanics hold despite changes in the working fluid properties.
The largest struggle with this lab was students' retention of LabVIEW™ programming. This problem was both recognized and alleviated by doing two experiments, separated in time by a few weeks. At the start of the second experiment, air flow rate measurement, students initially did not recall how to program in LabVIEW™. This difficulty was quickly overcome and all groups successfully implemented both the water and air measurement programs. In addition, for a class in the subsequent semester, students used LabVIEW™ in to measure water levels in a tank. Students' recollection of how to use LabVIEW™ was much improved, despite not having used it in several months. Successful implementation of a new VIs by all groups shows that students were not only able to remember the material from the previous class, but to transfer their knowledge of the instrumentation system to a new applications. This observation is consistent with current educational theory of Spaced Learning, showing that repetition of content at different times aids in retention of the material [14] . In addition, as students are searching for permanent positions, they have expressed gratitude at being exposed to LabVIEW™ several employers asking for experience in this area.
Conclusion
While it is not generally recommended to mix water and electricity, the need for instrumentation to determine the flow rate was an ideal intersection of the fields of Electric Circuits and Fluid Mechanics. These experiments were successful in building off previous experiences, both in lecture and laboratory classes, in the engineering curriculum as well as be a reference point to future experiences. In this sequence, students meet ABET's outcome (b) "an ability to conduct experiments, as well as to analyze and interpret data" [15] . 
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Appendix A: Apparatuses Water Flow Rate Apparatus
This apparatus used to measure the water flow rate is constructed from PVC piping, in most cases using ½ inch diameter. This size is selected to connect to the flow sensor, a Sea Water Flow Sensor (Model Number: YF-S201C), shown in Figure 4 , obtained from eBay.com. Water is supplied to the system by a ¼ horsepower submerged utility pump (Barracuda Pumps, Model Number: 91250) connected to a vertically mounted 1 ¼ inch PVC pipe until above the fluid level in the reservoir tank. Above the reservoir tank, a hose (conventional green garden hose) is connected to the ½ PVC pipe to attach to section containing the flow sensor. Use of a hose offers flexibility in moving the reservoir. After running through the flow meter, the water is sent back into the reservoir tank again through a hose. The hose is easily pulled out of the tank to redirect the flow to a bucket in order to measure the mass flow rate of the water.
Figure 4: Fluid Flow Meter
The section of piping containing the flow sensor, shown in Figure 5 , is mounted on a piece of plywood. This board was then clamped to the table top, but could also be mounted vertically. A ball valve is placed before the flow sensor to manipulate the flow rate, while the pump runs at a constant speed. The PVC is glued into the fittings while connections to the meter use a threaded fitting using a female-female FIPS/slip fitting. At either end are fittings to connect to the garden hose.
(a) (b) 
Air Flow Rate Apparatus
The apparatus to hold the flow sensor in the air flow is also constructed from ½ inch PVC. To make room for the Pitot tube within the flow steam close to the flow sensor, a female-female FIPS/slip fitting, has a slot cut in the side, as shown in Figure 6 (a). A Pasco Variable Output Air Supply, commonly used with air tracks in physics experiments, is used to supply the air for this experiment. The flow rate is adjusted using the dial on the Pasco unit on a scale of 0 -5, where the maximum flow rate corresponds to approximately 3 m/s in this configuration. A film canister wrapped in duct tape was used to make the connection between the air supply hose and the ½ inch pipe, shown in Figure 6 (b) . To make this specialized fitting, the bottom of the film canister was removed and a hole was cut into the lid to accommodate the ½ inch pipe. The duct tape was used to secure the lid in place as well as to achieve a tight fit into the air supply hose fitting. The apparatus was held in place using a ring stand. None of the connections were glued so that it would be easy to disassemble. Introduction: Our objective for this lab is use LabVIEW™ to set-up and calibrate an electric, turbine style, flow meter. The flow rate will be verified manually using the "pail and scale" method.
Outcomes:
After completing this exercise you should have a better understanding of the -use of LabVIEW™ to collect an manipulate data.
-electronic meter calibration.
-relationship between fluid speed and mass flow rate -Background and Theory: There are several types of electronically monitored flow meters. One of the most popular is the turbine style meter, as shown in Figure 1 . A small, freely rotating propeller or turbine within the meter rotates as the fluid passes through.
The fluid enters a small turbine which has a magnet on it. Electronics on the sensor measure the changing magnetic field as the turbine rotates and provides a pulse back to the measurement system. Figure 1 : Turbine Meter By counting these pulses we can determine the velocity of the fluid passing through the turbine. These pulses might indicate one complete rotation or a fraction of a rotation. The higher the rotation rate in a specific period of time, the higher the flow rate.
Thus, from this meter, you can determine the velocity of the fluid as it moves through the meter. Once the velocity of the fluid is know, this can be converted to mass flow rate using = vA, where is the mass flow rate, ρ is the fluid density, v is the velocity of the fluid, and A is the area of the pipe.
Your MyDAQ has a built-in hardware counter that can be connected to a digital input. The counter can be set to count rising edges of the pulses from the flow sensor. The count from the sensor can be converted to flow in any desired units.
Equipment (at workstation):
-2 gallon bucket -5 gallon bucket Note : Safety glasses will be required at all times while in the lab.
